BACKGROUND
The indirect methods for tool-wear monitoring measure the relationship between the tool condition and the signals acquired depending on the sensors used. Among the various sensors used, each sensoring technique has its own advantages and drawbacks with the result that no single technique has proved to be completely reliable over the complex nature of the cutting processes. Therefore, a sensor fusion system which uses more than one sensor is attractive since the loss of sensitivity in one sensor domain can be offset by information from other sensors [1, 2] .
METHODS
Three sensing techniques of acoustic emission, vibration and current sensoring were used as the input features in the proposed neural network based on sensor fusion for drill wear monitoring. Fig. 1 The performance of the architecture with input features by AE and current sensors was slightly higher than that by vibration and current sensors, but the difference was almost negligible and within the range of statistical error bound. * *U Un nt tr ra ai in ne ed d d da at ta a s se et ts s; ; S Si ig gn na al ls s f fr ro om m t th he es se e c co on nd di it ti io on ns s w we er re e n no ot t u us se ed d i in n t th he e t tr ra ai in ni in ng g p ph ha as se e 
CONCLUSIONS
A multi-layer feed-forward neural network with Levenberg-Marquardt training algorithm was developed and applied to sensor fusion system to be used for drill-wear monitoring. The performance of seven different neural network architectures was tested and found to be sensitive to the type of input data. The neural networks with input features extracted from sensor fusion were more accurate than the networks with individual sensor input. The sensor fusion of AE and vibration signal features extracted by RMS-WPT analysis as the input resulted in the best performance at a correct drill wear prediction of 93%. In addition, the performance of neural network based on sensor fusion was not increased with the number of sensor fusion, with rather depending on the extracted feature of signals input which optimally offset the loss of sensitivity to each other. The results showed that once the neural network was properly trained, it could be a powerful and reliable tool to solve the classification and pattern recognition problems of such sensor fusion as being acquired in the tool-condition monitoring applications.
